In order to evaluate the possibility of the RNA world hypothesis from the viewpoint of hydrothermal origin of life, parallel investigations on the formation and decomposition of RNA are indispensable under hydrothermal conditions. In this report, comparison of the rates of the templatedirected formation and hydrolytic decomposition of RNA in aqueous solution at elevated to high temperatures was carried out. Furthermore, it was elucidated that these prebiotic reactions are relatively so slow compared with modern enzymatic reactions. Based on the considerations, it is predicted that RNA world would be possible at high temperatures.
INTRODUCTION
Discovery of the catalytic activity of RNA deduces that RNA or RNA-like molecules played a central role on the emergence of life on the primitive earth (1, 2) . On the other hand, it is also reasonable that hydrothermal systems contributed on chemical evolution on the primitive earth (3, 4) . However, it is generally believed that the stability of nucleic acids is not enough to preserve information and play catalytic activities under hydrothermal systems (5). Nevertheless, there have been fewer investigations on the stability and the prebiotic formation of RNA under hydrothermal conditions. For instance, the condensation reaction of activated nucleotides in the presence and absence of RNA template as prebiotic polymerase model reactions were only carried out at temperatures up to 37 °C (6,7). Moreover, it was difficult to monitor these reactions in real-time at high temperatures. Thus, we have been studied kinetics on the formation and decomposition of RNA under hydrothermal conditions (8) (9) (10) (11) (12) .
On the other hand, in order to know whether RNA had accumulated under hydrothermal conditions or not, comparative studies are necessary between the formation and decomposition of RNA. In this report, the kinetic data of the formation and decomposition of RNA under hydrothermal environments is going to be compared and discussed from the viewpoint of hydrothermal origin of RNA world.
RESULTS AND DISCUSSION
In our kinetic analysis of the template-directed formation of oligoguanylate (oligo(G)) on a polycytidylic acid (poly(C)) template from the 5'-phosphorimidazolide of guanosine (ImpG), the rate constants of the following condensation steps were determined (12) .
Besides, the rate constants of the hydrolysis of oligo(G) in the presence and absence of a poly(C) template were also determined (12) . The comparison of the temperature dependence of both the rate constants of the formation and decomposition of oligo(G) suggested that the low yield of oligo(G) at elevated to high temperatures is not only due to the hydrolysis of oligo(G) but also relatively slow rate of 2-mer formation. Based on the Arrhenius plots of these rate constants (Figure 1) , the rate constant of the formation of (pG)2 (k2) becomes larger than that of oligo(G) hydrolysis (khy )O ligoG) at 44 °C without poly(C) and kh y , o ligoG at'69 °C with poly(C). the In addition, it is predicted that the rate constant of the formation of (pG)3 (k3) becomes grater than khy,oligoG at I 77 °C without poly(C) and that of (pG)4 and longer (k4 jav ) becomes greater than khy,oligoGat309°C.
Based on these facts, it can be predicted that RNA could form by the template-directed reaction at higher temperatures if oligomerization starts from (pG)4, in which double helix should be formed with some chemical modifications. Actually, nucleic acids are capable to preserve information at least temperatures where hyperthermophilic organisms survive. Thus, this research emphasizes that a viewpoint of relative evaluation of both the rates of formation and decomposition is necessary to judge whether the stability of RNA is too low or not to preserve information and play catalytic activities. In other words, assumptions that RNA world could not survive under hydrothermal environments are not supported based on the rate of hydrolysis of RNA alone. We are currently searching conditions for the formation of phosphodiester bond at high temperatures.
As an alternative aspect to evaluate the prebiotic rate constants, these rate constants are compared with enzymatic reactions. Although there is no enzymatic rate constants, which correspond to the present reaction system, it has been elucidated that the rates of enzymatic reactions are controlled within a narrow range (13) . According to this rule, the rate constants with enzymes are illustrated as k ca t/K m in Figure 1 , in which kcat/Km aTe within the range 5 x 10^ -5 x 10M "l s'l (13) . Figure 1 indicates that the rates without enzymes are remarkably smaller than those with enzymes. Based on this view, It is again regarded that the hydrolysis of RNA is not too fast (11) .
